This document summarizes the minimum analytical chemistry capabilities required to sustain pit manufacturing at LANL.
By the year 2004, approximately $16 million will be required to procure analytical instrumentation to support pit manufacturing. In addition, $8.5 million will be required to procure glovebox enclosures. An estimated 50°/0 increase in costs has been included for installation of analytical instruments and glovebox enclosures. However, no general and administrative (G&A) taxes have been included. If an additional 42.5°/0 G&A tax were to be incurred, approximately $35 million would be required over the next five years to prepare analytical chemistry to support a 50-pit-per-year manufacturing capability by the year 2004.
INTRODUCTION
Analytical chemistry is one of several capabilities necessary for executing the Stockpile Stewardship and Management Program at Los Alamos National Laboratory (LANL). Analytical chemistry capabilities reside in the Chemistry Metallurgy Research (CMR) Facility and Plutonium Facility (TA-55). These analytical capabilities support plutonium recovery operations, plutonium metallurgy, and waste management. Analytical chemistry capabilities at both nuclear facilities are currently being configured to support pit manufacturing. This document summarizes the minimum analytical chemistry capabilities required to sustain pit manufacturing at LANL. These analytical chemistry capabilities are based on the projected levels of pit production outlined in the document titled the "New Pit Production Strategy and Associated Facility Modifications at Los Alamos National Laboratory> 'l. The analytical chemistry requirements are also based on the pit-manufacturing model generated by the Technology Modeling and Analysis Group (TSA-7)2, which resides in the Technology and Safety Assessment (TSA) Division.
ASSUMPTIONS FOR ANALYTICAL CHEMISTRY CAPABILITIES
The approach to determining analytical chemistry capabilities required for pit manufacturing is based on several assumptions: q Analytical chemistry capabilities are based on the predicted number of samples generated from the TSA-7 model for plutonium processing, pit fabrication, waste management, and other plutonium operations necessary to support pit manufacturing.
q
The analytical chemistry capabilities are based on a "one analytical instrument" scenario in most cases, with no backup instrumentation. The analytical chemistry capabilities discussed here support only pit manufacturing and are not intended to directly support other projects or programs.
q Additional analytical chemistry capabilities needed to support other projects will be funded by those other projects. However, if there is surplus capacity that can be used to meet the needs of those other projects without compromising pit manufacturing, those projects will be supported as well. The expected data delivery time for an analytical chemistry analysis is 30 days from the time the sample is physically received at either the TA-55 or CMR facilities (which does not include samples transport from TA-55 to CMR). The assumed level of pits produced at LANL is 50 per year.
Plutonium-processing solutions generated at the TA-55 facility will be analyzed at TA-55 instead of being shipped to the CMR facility.
Solid and liquid samples generated from waste management activities at TA-55 will be processed at the CMR facility.
Analytical chemistry capabilities will not be duplicated because of differences in geography (TA-55 vs. CMR) unless the pit-manufacturing schedule, programmatic requirements, or cost savings drive the need for duplicate capabilities.
Analytical chemistry equipment will be duplicated only if separate capability is required for nuclear and nonnuclear activities and only to the extent necessary.
Infrastructure requirements that are not called out in this document will be supported by the operating organizations (division, group, or project) that will support pit manufacturing.
Laboratory taxes for procuring analytical chemistry equipment and glovebox enclosures have not been included in the costs, because they may change in the future.
Introducto~hoods into glovebox lines and gloveboxes required for bagouts are not included in this document. Because various configurations can affect the number of introductory hoods and gloveboxes required for introduction and bagouts, these additional glovebox enclosures must be added at a later date.
ANALYTICAL REQUIREMENTS FOR PIT MANUFACTURING
At least seven major pit-manufacturing activities require analytical chemistry, including (1) disassembly and metal purification, (2) plutonium fabrication and assembly, (3) plutonium recovery, (4) solid and liquid waste management, (5) nonnuclear fabrication and assembly, (6) materials characterization and failure analysis, and (7) war reserve (WR) process materials testing. Analytical chemistry capabilities are categorized in these seven areas to relate analytical chemistry requirements to the specific pit-manufacturing unit operations. However, cross-cutting infrastructure activities are also required for sustaining all analytical chemistry analysis techniques. These infrastructure requirements are discussed in Section 4 of this document. 
Disassembly and Metal Purification
Disassembly and metal purification are required to provide plutonium metal feed for fabrication and assembly. Feed materials originating from disassembly and metal purification may include pure plutonium oxide, which is converted to metal by the direct oxide reduction (DOR) process, pure plutonium metal generated ilom the electrorefining (ER) process, and pure metal requiring removal of americium by the molten salt extraction (MSE) process. The various analytical chemistry analyses required to support disassembly and metal purification are shown in Table 1 . Also shown in Table 1 is the precision required for the analytical analysis. The expected numbers of samples per year are shown in Table 2 . The numbers of analytical instruments and glovebox enclosures required to support this activity are shown in Table 3 .
Plutonium Fabrication and Assembly
Plutonium fabrication and assembly involve casting plutonium metal feed ingots after adding gallium to the plutonium metal and shape-casting the feed ingots into hemishells. Another analytical chemistry activity is analysis of gases used in plutonium fabrication and assembly. Mass spectrometry is typically used to analyze gases. The various analytical chemistry analyses required to support plutonium fabrication and assembly are shown in Table 4 . Also shown in Table 4 is the precision required for the analytical analysis. The expected numbers of samples are shown in Table 5 . The number of analytical instruments and glovebox enclosures required to support this activity are shown in Table 6 . aNA-not applicable. bTIMS-thermal ionization mass spectrometry. cICP-MS-inductively coupled plasma mass spectrometer. 'ICP-AES-inductively coupled plasma atomic emission spectrometer. 'XRF-X-ray fluorescence. Plutonium recovery involves puri~ing plutonium from solid and liquid feed sources. Acid dissolution, nitrate anion exchange, and chloride anion exchange operations are used in plutonium purification. Plutonium product solutions are precipitated after purification and are calcined to pure plutonium oxide. These activities provide a pure plutonium oxide feed source for disassembly and metal purification. The various analytical chemistry analyses required to support plutonium recovery are shown in Table 7 . Also shown in Table 7 is the precision required for the analytical analysis. The expected numbers of samples are shown in Table 8 . The number of analytical instruments and glovebox enclosures required to support this activity is shown in Table 9 . Table 10 . Also shown in Table 10 is the precision required for the analytical analysis. The expected numbers of samples are shown in Table 11 . The numbers of analytical instruments and glovebox enclosures required to support this activity are shown in Table 12 . 
Nonnuclear Fabrication and Assembly
Nonnuclear fabrication and assembly provide nonfissile components for pit manufacturing, which requires analyzing nonfissile metals and in-line or at-line analytical chemistry. The various analytical chemistry analyses required to support nonnuclear fabrication and assembly are shown in Table 13 . Also shown in Table 13 is the precision required for the analytical analysis. The expected numbers of samples are shown in Table  14 . The number of analytical instruments and glovebox enclosures required to support this activity are shown in Table 15 . Table 19 . Also shown in Table 19 is the precision required for the analysis. The expected numbers of samples are shown in Table  20 . The required number of analytical instruments and glovebox enclosures is shown in Table 21 . In some cases, duplicate instruments are required for WR materials testing. Duplicate instruments are needed for analyzing both fissile and nonfissile components. 
ANALYTICAL CHEMISTRY INFRASTRUCTURE REQUIREMENTS
Five unique infi-astructure activities are essential for executing analytical chemistry for pit manufacturing. The five areas are (1) a laboratory information management system, (2) sample management, (3) data reporting, (4) report archiving, and (5) data quality assurance. These areas require equipment and staffing in order to successfidly execute analytical chemistry to support pit manufacturing.
Laboratory Information Management System
A laboratory information management system (LIMS) is a capability required to track the analytical chemistry samples generated from pit manufacturing. Table 22 shows the necessary equipment required for a LIMS.
I Table 22. Equipment Required for Laboratory Information Management System

Eaui~ment I # Units
I Unclassified LIMS Server 11
Classified LIMS Server and Distribution Network 1
Network Personal Computers 75
Barcode Printers 5
Barcode Readers 10
Network Terminals 75
Sample Management
Sample management involves managing the paperwork associated with analytical chemistry samples and physically moving samples to various analysis areas. This activity mainly requires adequate stafilng to manage the flow of samples originating from the various pit-manufacturing-unit operations. Some classified and unclassified personal computers would be required for the staff who manage this activity.
Gloveboxes are also required for sample management and distribution. Glovebox requirements for sample management are shown in Table 23 . Fume Hoods 3
Data Reporting
Analytical chemistry data generated by analytical instruments and analysts must be prepared as a data package for the customer. This activity mainly requires adequate staffing to perform these functions. Some classified and unclassified personal computers would be required for the staff who manage this activity.
Data Archiving
Data archiving is required for long-term storage of the data packages for pit manufacturing. This activity mainly requires adequate staffing to archive data as requested by the pit-manufacturing customer. Some classified and unclassified personal computers would be required for the staff who manage this activity. Adequate space for physical storage of the reports would be required as well.
Quality Assurance
Quality assurance involves ensuring that the analysis and data packages meet the quality and reporting requirements for pit manufacturing. This activity mainly requires adequate independent staff to provide quality assurance of the analytical chemistry measurement techniques and the quality of the reported data. Some classified and unclassified personal computers would be required for the staff who manage this activity.
SUMMARY OF INSTRUMENTS, GLOVEBOX ENCLOSURES, AND ASSOCIATED COSTS FOR PIT MANUFACTURING
Summaries of analytical instrumentation and associated glovebox enclosures are provided in this section. A summary of the analytical chemistry instrumentation and glovebox enclosures required to support pit manufacturing is shown in Table 24 . A summary estimated costs of analytical instruments is shown in Table 25 . A summary of the estimated costs for glovebox enclosures is shown in Table 26 .
of 
ANALYTICAL CHEMISTRY TECHNOLOGY DEVELOPMENT
This section identifies development activities that are being developed or should be developed to benefit pit manufacturing. Pursuing these analytical chemistry technologies will benefit pit manufacturing by improving the following: analytical precision, data delivery, and limits of detection of analflical chemistry techniques.
Laser Ablation ICP-MS
Benejits of the Technique
Laser ablation ICP-MS would eliminate the current practice of using acid for dissolving samples analyzed for fissile and nonfissile metals and oxides, which, in turn, would eliminate the acid waste streams that result from currently used sample preparation techniques. This technique also allows samples to be analyzed more rapidly.
Drawbacks of the Technique
This technique may not be able to detect trace element concentrations at levels as low as those achieved by conventional acid dissolution and ICP-MS analysis. In addition, sample heterogeneity may reduce the precision of laser ablation ICP-MS.
Glow Discharge Mass Spectrometry
Benefits of the Technique
Glow discharge mass spectrometry (GDMS) eliminates the need to dissolve fissile and nonfissile oxides. This technique may not be able to detect certain trace elements at levels as low as those achieved by conventional acid dissolution and ICP-MS analysis. This technique also allows samples to be analyzed more rapidly.
Drawbacks of the Technique
The GDMS technique is mainly used for analyzing oxides and powders and would have to be adapted to analyze metals as well.
Gradient Ion Chromatography
Benejits of the Technique
Gradient ion chromatography will measure trace ionic impurities in complex matrices, including those in radioactive samples. The technique will also provide more efficient analysis of both anionic and cationic species in samples.
Drawbacks of the Technique
The technique has no drawbacks.
Advanced Process Analytical
Benefits of the Technique
Chemistry Sensors
Advanced process analytical chemistry sensors provide the ability to analyze, monitor, and control actinide-processing operations.
Drawbacks of the Technique
Direct-Current Arc Spectroscopy
Benefits of the Technique
This technique permits development of a more efficient trace analysis capability for analyzing transuranic wastes and avoids using acids to dissolve samples.
Drawbacks of the Techni@e
This technique for analyzing plutonium samples requires the use of silver, which generates a waste managed under the Resource Conservation and Recove~Act.
Advanced Etching
Benefits of the Technique
Advanced etching involves developing techniques used in metallography that can eliminate the use of hazardous etching chemicals.
Drawbacks of the Technique
The technique has no drawbacks,
Metallographic Sample Preparation Using a Diamond Lathe
Beneji@ of the Technique
This technique will minimize the need to polish metallographic samples.
Drawbacks of the Technique
Use of this technique will necessitate generating diamond bits.
Supercritical COZ Cleaning
Benefits of the Technique
The technique eliminates the need to use conventional solvents for cleaning radioactive and nonradioactive parts. As a result, this technique will also minimize waste from cleaning activities.
Drawbacks of the Technique
A potential hazard is associated with the high pressures used in the technique.
Development of Radiochemistry Capability at TA-55
Benefits of the Technique
We plan to increase the radiochemistry capability at TA-55 by developing a highresolution gamma ray analysis that uses germanium detection and a nontypical. analysis that uses liquid scintillation. These techniques will provide isotopic information to TA-55 at a lower cost and with faster turnaround time. They will improve the flexibility of analyzing difficult samples, such as plutonium mixed with oils, and will use liquid scintillation to facilitate analyzing samples having a high salt concentration.
Drawbacks of the Technique
The technique requires obtaining space in PF-4 at TA-55 and obtaining development funding.
Development of Nondestructive Assay Capability for Accountability at CMR
Benefits of the Technique
In collaboration with NMT-4, we propose to develop improved nondestructive assay capabilities at CMR for verification and conformation measurements. This technique would minimize at its origin the volume of waste produced at the CMR building.
Drawbacks of the Technique
Cross-cutting issues with the Facilities Engineering Division and waste management groups need to be resolved. We also need to be certain that we can meet Waste Isolation Pilot Plant acceptance criteria.
GC-MS SVOC Apex Technology Development
Ben@its of the Technique
The technique would reduce waste and improve the sensitivity of analyses.
Drawbacks of the Technique
Use of larger quantities of samples would increase personnel exposure to radioactive materials.
GC-MS SVOC Accelerated Solvent Extraction
Benefits of the Technique
The technique would improve automation, waste reduction, and sample analysis for SVOC analysis.
Drawbacks of the Technique
Safety issues pertaining to pressurized solvents have yet to be resolved.
Automated Davies-Grey Titration
Benefits of the Technique
Automating the technique will improve analysis time.
Drawbacks of the Technique
Hybrid Densitometry Development
Benefits of the Technique
This instrument is a combination X-ray fluorescence and absorption spectrometer that provides semiquantitative to quantitative plutonium and uranium assay measurements. The main advantage is rapid analysis. .
Drawbacks of the Technique
This technique does not have the precision and detection limits provided by conventional plutonium and uranium assay techniques. However, many of the needs of actinideprocessing operations can be met by using this technique.
Precision Cutting
Bene~ts of the Technique
Improving precision-cutting techniques will increase the precision reduce sample-cutting time, and will reduce personnel exposure.
Drawbacks of the Technique
Micro X-Ray Fluorescence
Bene@& of the Technique in cutting samples, will
This technique will allow trace elements in actinides to be analyzed at part-per-billion levels. The technique also uses small quantities of samples.
Drawbacks of the Technique
This technique may not be required for pit-manufacturing operations; however, we may be able to use it for analyzing waste streams generated by actinide-processing operations and waste management activities.
ICP-AES/ICP-MS Method Development
Benefits of the Technique
This technique will allow integration of concentric nebulizers and direct-injection nebulizers in mass spectrometers to segregate wastes generated fi-om sample analysis.
Drawbacks of the Technique
Interstitial Analysis Laboratory
Benefits
This new laboratory will provide the ability to test for carbon, nitrogen, oxygen, and sulfhr in plutonium metal.
Drawbacks
There are no drawbacks,
Plutonium Standards Development
Benejits of the Technique
We propose to fabricate certified reference material for plutonium metal standards to analyze plutonium metal for pit manufacturing.
Drawbacks of the Tedzitkpze
Laser-Coupled Time-of-Flight Mass Spectrometry
Benejits of the Technique
The technique has the advantages of rapid sample throughput, low detection limits (<1 ppm for most elements), and a large dynamic range The technique also has the ability of depth-profiling analysis and has a mass resolution of up to 2,000, which is better than that of the quadruples used in ICP-MS. This technique could also be adapted to provide actinide analysis on line or at line in a glovebox environment.
Drawbacks of the Technique
The drawback of the technique is that the heterogeneity of the samples interferes with the precision of the analysis, which could render the analytical sensitivity and detection limits inferior to those of ICP-MS. The instrument is currently being developed, and some interfacing with a computer system would be required to make it an operator friendly instrument.
Thermal Ionization Cavity-Coupled Mass Spectrometry
Bene@s of the Technique
This cavity-type ion source is an improvement on the ribbon-or filament-type ion source commonly used in thermal ionization mass spectrometry. The instrument is more compact and has an improved ionization source compared with a commercial TIMS instrument. An improvement in ionization efficiency permits better characterization of small samples and an improvement in detection limits, depending on what type of mass spectrometer is coupled to the ionization source.
